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Process for the manufacture of polyesters 

The invention relates to a process for the manufacture of polyesters by 
copolymerization of dicarboxylic acid anhydrides with alkylene oxides. 

The standard manufacturing processes for polyesters are based on the 
condensation of dicarboxylic acids or their anhydrides with di- or polyhydric alcohols. 
Disadvantages of these processes are the relatively expensive starting materials and 
the long reaction times and also the high reaction temperatures. Also, the process 
products have relatively high acid values. 

It is known to manufacture polyesters by copolymerization of dicarboxylic acid 
anhydrides with alkylene oxides, using as polymerization catalysts on the one hand 
aminic compounds, preferably tertiary amines, and on the other hand acid catalysts, 
for example ZnCI 2 , BF 3 , SnCI 4 etc. 

The procedure with aminic catalysts has the disadvantage of long reaction times, the 
process products are mostly dark-coloured; in particular there are problems when 
using maleic anhydride through premature gelling of the reaction product as a result 
of the high reactivity of the double bond. 

The previously known procedures with acid catalysts, in which mixtures of ' 
dicarboxylic acid anhydrides, alkylene oxides and the catalyst are treated for several 
hours at increased temperature, do not result in a stoichiometric copolymerization, 
but mainly a dicarboxylic acid anhydride-to-alkylene oxide ratio such as 1:3, for 
which reason the process products are unsuitable for the manufacture of 
unsaturated polyester base resins. Also, the yields are only 88% at most with 
relatively long reaction times. The copolymerization processes have therefore not yet 
been able to gain acceptance for the industrial-scale manufacture of polyesters. 
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The aim of the invention is therefore an economical manufacture of polyesters which 
can also be carried out in a continuous process. 

The object of the invention is to develop a process for the manufacture of polyesters 
by copolymerization of dicarboxylic acid anhydrides with alkylene oxides using acid 
polymerization catalysts. 

According to the invention the object is achieved in that dicarboxylic acid anhydrides 
are dissolved jointly with the acid polymerization catalyst in an inert solvent, the 
obtained solution is treated with alkylene oxides at temperatures between 30 and 
160°C and the reaction solution is worked up in customary manner by removal of the 
solvent. 



With this process, which can also be carried out continuously, for example by 
reaction in the counter-current principle, only relatively short reaction times are 
necessary. 

Very bright products are obtained which display high molecular weights and low acid 
values with, a small alkylene oxide surplus. It is surprising that, at a higher 
temperature, the dicarboxylic acid anhydride-to-alkylene oxide copolymerization ratio 
is maintained [at] 1:1 to 1.5, as a result of which suitable products for the 
manufacture of unsaturated polyesters are obtained. 

All dicarboxylic acid anhydrides that are customary for the manufacture of 
polyesters, for example maleic anhydride, phthalic anhydride, tetrahydrophthalic 
anhydride, HET anhydride etc., come into consideration for the process according to 
the invention. Ethylene oxide, propylene oxide and epichlorohydrin can preferably 
be used as alkylene oxides, [and] toluene and xylene for example as organic 
solvents. 



All customary compounds, such as ZnCI 2l SnCU, BF 3 . LiBr, SbCI 5 , FeCI 3 etc., are 
suitable as acid polymerization catalysts. 
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The following examples explain the invention. 
Example 1 

5 mol rnaleic anhydride, 10 mol phthalic anhydride and 2% ZnCI 2 (relative to the 
weight of the anhydrides) are dissolved in 20% toluene (relative to the weight of the 
anhydrides) and heated to 110°C In a flask fitted with stirrer, thermometer, reflux 
cooler, dropping funnel and nitrogen-feed tube, 19.5 mol propylene oxide are then 
added dropwise within an hour, no further heating being necessary. The toluene is 
then drawn off in vacuo and a weakly coloured yellow resin, melting between 60 and 
70°C, is obtained, to which 0.01% hydroquinone is added as stabilizer. The acid 
value of the resin is between 12 and 18. 

Example 2 

In the same way as described in Example 1, 18 mol propylene oxide are added 
dropwise to a solution of 5 mol rnaleic anhydride, 10 mol tetrahydrophthalic 
anhydride and 1% ZnCI 2 in 20% toluene. The softening range of the resulting resin 
lies between 70 and 80°C. The acid value is 10 to 15. 

Example 3 

In the same way as described in Example 1,15 mol propylene oxide are added 
dropwise to a solution of 5 mol rnaleic anhydride, 5 mol phthalic anhydride and 1.5% 
ZnCI 2 in 20% xylene. The softening range of the resulting resin lies between 50 and 
60°C. The acid value is 15 to 25. 

Example 4 

In the same way as described in Example 1, 12 mol propylene oxide are added 
dropwise to a solution of 5 mol rnaleic anhydride, 5 mol tetrahydrophthalic anhydride 
and 1.5% ZnCI 2 in 20% toluene. The softening range of the resulting resin lies 
around 70°C, the acid value around 15. 

Example 5 

In the same way as described in Example 1, 3 mol propylene oxide are added 
dropwise to a solution of 1 mol phthalic anhydride, 1 mol rnaleic anhydride and 1% 
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Patent claim: 



Process for the manufacture of polyesters by copolymerization of dicarboxylic acid 
anhydrides with alkylene oxides in the presence of acid polymerization catalysts, 
characterized in that dicarboxylic acid anhydrides are dissolved jointly with the acid 
polymerization catalyst in an inert organic solvent, the obtained solution is treated 
with alkylene oxides at temperatures between 30 and 160°C and the reaction 
solution is worked up in customary manner by removal of the solvent. 
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Verfahran aar Heratellung ron Polye stern 

Die Erfindung betrifft ein Terfaaren zur Heratellung ron 
Polyaatern duroh Copolyneriaation von Dioarbonsaurean- 
hydriden nit Alkylenootyden. 

Die klaesieohan Heratellungavarfahren far Polyester be- 
mhen eaf der .Kondenaatien von DioarbonaSuren Oder de~ 
ren Anhydrlden ait «rei- oder aehrvertlgen Alkoholen. 
Ueobteile dieaer Terfabrea slnd die relatir teuren Aus- 
gangeetoffe and die langen Beaktlaaaseltea aowie die bohen 
aeektlensteaperataren. Auoh besitaen die Terfahrenaproduk- 
te relativ bohe Sfturesablea. 

Za let bekaant, Polyester durob Copolyaarisation ron Di~ 
barbonaltttreanbydriden ait Alkylenoayden hereustellen, wo- 
bei aaa ala Polyaeriaationelcatalyaatoren einaal aaiaieohe 
Terbiadangea, voraugsweise tertiMre Aolne, and sua aaderea 
eeara latalyeatoren, beiapielaaeise ZnGl 3 , Bf j9 Sa01 4 new., 
elnsetst. 

Die Arbeit sweise ait aminisehen Xatalyaatoren hat den Faon- 
teil langar Beakfcionsaeiten, die Verfabrensprodukte aind 
aetat dunkel gefifrbt; besonders argeben eioh Scbwierigkei- 
ten bei a Binaats iron Malainattareanhydrid dnreb voreeitige 
Gelierung das fieaktionaprodakts infolge der boben Heakti- 
▼itat der Doppelbindung. 

Die bisb r bekannten Arbeitaweisen ait aeuren Katalyaat ren» 
bei »elohen (Jeaisoha von Diaarbonsaureanhydriden, Alkylen- 
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oxydea wad dea Eatalyaator aehrera Staadea bei eraSater 
Teaparatuff befcanftelt werdea, ergeben keiae at8chioaa*ri~ 
ache Copolyaeriaatioa, aoadern voraag3weise eia Verhalt- 
nis »on Diearboaaaureanaydrid au Alkyleaoxyd wie 1:3, 
wesbalb die Verfabreaaprociakte aageeignet fUr die Her- 
atellung ran uageaattigtea lolyeatergruadharaea Bind. 
Auob betiagea die Au3beuten aar maximal 88 <& bei relativ 
laagea Beaktioaaaeitea. Die CopolyoeriaationaTerfahren 
habea aieb deshalb aar iadaatriellea Herstellung von 
Palyeatem aoob nicht durcbaetaea kSaaea. 

3imok der Erfindtmg iat deahalb eina wirtaaaaftliahe Ha*- 
ateilung ran Polyeatem, dis eioh auch ia kaatlaaiarli- 
abaa Torfabrea darubfilhreu laflt. 

Der Srfiadaag liegt dia Aufgabe augraade, alia Vejtfahsea 
aa* HsrataUuag roa Polyesfesra durob Cosolyua-fisatiaa 70 a 
Dioarboaaaareaabydridea ait Alkylanoxydea aaber Yeraa- 
daag saarar Polyaejfiaatioaskaialyaal; wren au SBtalekela. 
Brfiadaagageaafl wixd die Aafgabe dadarob, geltfat, da a man 
Dioarboaaaureaanydride geaeinaaa nit dam aaarea Poly*eri~ 
aatioaakatalyaator ia eiaea iaertea L8aaageaUtel Wet, 
dia erbalteae losaag bei Teaperatarea awiaobea 30 and 
160°C ai-fe Alkyieaoxydea bebaadelt aad die Beak fcioaaloauag 
ia ttblieber ^eiae da*ob Eatfaraea dea Itiauagamittela aaf~ 
arbeitet. 

Bei dieeea ' .rfafarea, daa aioh, beiapielsweiBe du* h fiaak- 
tioa i: j genetxoapriaaip, aaoh koatiauiarlieh dorobfUJae^ 
laflt, aiad aur ralativ karae BeaktioaaBOifcen erfoxdai* ■ JAl> 
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Eb werdea eehr helle Produkte erhaltea, die hohe Moleku- 
largewiohte und bei geringem Alkylenozydttberachufl niedri- 
ge Saureaahlen auftoeisen,, Oberrasohead 1st, dafl bei htShe- 
r»p Teaptratur das CopolyaerisatioasrerhMltaia Dioarbon- 
saureatthydrid su Alkylenexyd 1:1 bia 1,5 erhaltea wird, 
woduroh geeigaete Produkte far die Heratellung ungeaattig- 
ter Polyeater erhalten warden. 

Pttr daa ©rfiadungagenisfle Terfahrea koanea alle fttr die Her- 
etelluug vea Polyeatera ttbliohea Mearboasaureaahydride in 
Betraoht, beispdelaweiae Maleiaaaureaahydrid, Phthalaaure- 
anhydrid, TetrahydrophthalaMureanhydrid, HET-anhydrid uaw* 
Ala Alkylenoxyde eind roraugaweiae Sthyleaoxyd, Propylen- 
oxyd uad Epieblorhydria,ala orgauiaohe LtJauagamittel bei- 
epielaireiae Toluol uad Xylol einsatzbar. 
Ala mure Polyaeriaationakatalyaatoren alnd alle ttbliohea 
Verbihdungea, wie ZnCl 2 , SaCl 4 , B* 3 , liBr, 5bCl 5 , ?eCl 3 
uaw., geeigaet. 

Hae&folgendo Belspiele erlautera die Erfindung* 
Boiaplel 1 

5 Hoi Mslelaoaureanhydrid, 10 Hoi Phthalaaureanbydrid und 
S * Zn01 2 (bezotfsa auf dae Gevyicht dor Anhydride) warden 
in 20 * Toluol (boaogen auf duo Oewioht der Aahydride) ge- 
IBat uad in einem ait fiUhrer, Thermoneter, Rttckfluflktthler, 
Tropftriohter uad Stiokstoffolaleitungsrohr Tereoheaen Sol- 
ben auf 110°C erwarot. Dann Borden inaarbalb von eiaer 8tua~ 
de 19,5 Mol Propyleaoxyd augetropft, wobei lce.tne waiters 
ff«»eung erfordertlch ist AnscblieBend vtrd daa Toluol in 
909840/ 1 68 2 
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. Vakuu* ApMgn und man emait oin sohwaen nellgelbea, awi - 
ecfcen 60 und 70°0 Mta»l Mfl d M Haps, den man ala Stabiliea- 
tor 0,01 * HydPoohinon auseta-fc. Die Siluresahl dea Haraes iat 
awiaohen 12 und 18. 

Beiapial 2 

In glaioher Keiae *i. i« Beiapial 1 beeohPieben warden in el- 
ne LBaung ran 5 Bol MaleinsaupeanhydPid, 10 Mol Tetrahydro- 
phthalaauraanbydrid und 1 * Z nCl 3 in 20 « Toluol 18 Mol Pro- 
pylene*^ eingetpopft. Dop Epwaiohungabereioh das pesultieren- 
dan Hapses u.^ awl8ehea ?0 und 80 o 0e Me S8urea|lhl ^ 
bis 15. 

Beiapial 3 

In gloionar ffeia. wia i* Beiapial 1 baaobPiaban wePden in ei- 
na Loauug ron 5 Mol SaieinstoeanhydPid, 5 Mol PhfchalaMuraan- 
hydrid und 1,5 * ZnCl2 ta 20 f Xylol „ ^ Propylenoiyd ^ 

getPopft. Dap EPweionungebePeieh daa pesultiePenden Harzes 
liagt anisohen 50 und 60°0. Die saupesahl iat 15 bis 2 5o 

Beiapial 4 

to «w„ ta Beiaplel , b 8Mhrlel)en werd9n ta 

"* 188,1,8 '° a 5 » 01 5 u fatrahydro- 

.lU^UMIWtoU una ,, 5 t Zn01? „ 20 # Iol „ 01 12 <ot 
Propyl.^ mvttnn , rer IrTOlohunsol)er . lot aag rMultls _ 
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Baiapial 5 

In gleloher Weiae wie ia Baiapial 1 boaohrieben warden in 
•lna Lo"aung ron 1 Mol Hithalsttureanhydrid, 1 Mol Halalnattu- 
reannydrid und 1 * A1C1 3 In 20 * Toluol 3 Mol Propylenoxyd 
eingatropft, Bar Erweiohungabereien das reuultierendeu Har- 
zea liagt ua 70°C, die Saureaahl awiacnen U und 18. 

Baiapial 6 

In gleioner ffeiae wie ia Beiaplel i beaohrieben werden in 
aine LBaung Ton 1 lol TatraJiydrophthaiaaureanhydrid, 1 Mol 
Halainalaraanhjdrid und 1 * SbCl 5 in 20 * Toluol 3 Mol Pro- 
pylenoatyd eingetropft. Der Sreeiohangapunkt dea reaultieren- 
dan Haraaa liegt swia ohen 60 und 70° C, die Stturesanl betrMgt 
etwa 20. 

Baiapial 7 

In gleioner Weiae *ie ia Baiapial 1 beaahriaben warden in ai- 
ne Loaung ron 1 Mol PhthalaiiHreanhydrld, 2 Mol MaleinaMure- 
anhydrid und 2 * Sn01 4 in 20 * Toluol 3 Mol Propplenoayd 
elngetropft. Die :teaktionateaperatur betrsgt 90°C. 
Daa reaultierende :iarz besitzt einen Sraeiohungsbereich urn 
60°C, die SSurezahJ liegt awiochan 15 und 20. 

Beispiel 8 

Die Apparatur iat von gleloher Art wie die ia Beiapiel 1 be- 

sohriabtne, bar der Tropftrichtar :. iat duroh ain Saaeinlai- 

tttngarohr eraetzt. In eine. . LiJaung ron 1 Mol Phthalaaurean- 

Iiydridj 1 Hoi Haleiasaureanhydarld und 2 % eiwpa P Cl^-Pra- 

3 -6- 
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jyX«i<«yd-Io*iX«3»a in 20 * Toluol wardan bai einer Teapei 
tu* cwiaafc«n 60 mid »0*C 2,1 Mol Xthylanoxjd alngalaltat. 
Baa rasuHiarande Bue baeltvt •men Mrnaiotagabazaion ua 
«0*C, dlt SSuraaahl 1st atwa 6. 

Baispial 9 

ffla In Baiaplel 1 beschrieben, warden in eine L8s«ng »on 
0,65 Mol Malainsattreanfaydrid, 0,35 Mol Jhthalefiureanliydrid 
und 2 <6 tinea PeCl^-Propyleaoacya-Xoaplexes la 10 * Toluol 
1,5 Bpiehlerhydrin eingetropft. 

Daa raaultlerende Bare basltet einan Emeiohungsbareioli ua 
60°C, di« SSuresahl 1st 18 bia 21. 
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I a t • n t a n 3 p r u o h J 

Yerfabren zur Herstellung ron Polyc stern diwch Copoly- 
nerisation ran Mc*rbons3ureaiiliydriden alt Alkylenoxyden 
in Gftgenvart ssortr Polyaeriaationskatalysatoren, dadurch 
gekennceiohnety daA aan DlcarbaneUureanliydride gemeinsaa 
sit dem sauren PoIyaerisationsVatalysator In ©inert inert n 
organischen LSstmgsaittel last, die crhaltene LtJsung bei 
Te»jpe raturen swiscben 30 und 150°C «it Alkylenoxyden be- 
fcandelt und die Seaktions 10 exois in Oblioher Weise duroh 
Entfernen des ISsvngsaittels aufarbeitet* 
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